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Abstract 
Graphite (G) and its nano form Graphene (nG) are one of the most admirable fillers for incorporating multifunctional attributes in 
polymer/elastomer matrix. Use of such fillers in polymers/elastomers has enhanced their several properties and applicabilities. 
Acrylo Nitrile Butadiene Rubber (NBR) is a workhorse of the several industrial applications especially for automotive rubber 
products and in hydraulic area. Enhanced tribological properties of NBR are one of the crucial requirements for sealing 
applications. In this field we are first to report the anti wear study on NBR filled with Graphite and graphene layers. Sliding wear 
test showed that the wear parameters of NBR nanocomposites have significantly improved. The incorporation of graphene in 
NBR has reduced coefficient of friction 2.3 times more than that of graphite incorporated NBR. The reason for the same is 
proposed that the homogeneous distribution of nano layers in the elastomer matrix, the enhanced self lubrication of graphene, the 
favourable interface stability of composite contributed together to the improved wear properties of NBR nanocomposites. Along 
with it we have also investigated the effect of applied load, revolution per minute i.e., sliding speed on wear properties. The 
incorporation of fillers (G &nG) in NBR has also improved the hardness and tensile properties other than tribological properties. 
Electrical conductivity of graphene filled NBR has also been reported in comparison to graphite filled NBR and pristine NBR. 
The prepared graphene and the nanocomposites have also been fully characterized by different sophisticated techniques viz HR-
TEM, FEG-SEM, Micro Raman, FT-IR. Improvement in such properties of NBR will definitely widen its role in multiple 
applications. 
 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the International Conference on Nanomaterials and Technologies (CNT 2014). 
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1. Introduction 
Research of newer materials with effective tribological characteristic is demand of all transportation industries, 
power generation sector and manufacturing area for higher efficiency and environmental protection. One common 
© 2015 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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example is a passenger car uses one third of its fuel energy to overcome friction in the engine transmission, tires and 
brakes . Holmberg K et al (2012). Around the globe concerted efforts are continued in developing lubricants ,new 
materials, and coatings that can lower the friction and wear parameters potentially even under severe operating 
conditions. Graphite in this area is an excellent member whose lubricating properties are well known Bollmann W et 
al (1960) . With the development of nanotechnology the nanoform of materials are in superior demand. One of such 
is the nanoform of Graphite ie a self lubricating material graphene which is famous for its 
unusalelectrical,mechanical, thermal and very recently because of its tribological properties. Sofo JO (2007) ,Geim 
AK  (2007), Lee H (2009), Lee C (2009), Filleter T (2010), Schwarz UD (1997) .Beside friction graphene is found 
to considerably reduce wear of the tribosystem when added to paraffin oil . Lin J et al (2011) 
Friction testing at laboratory level is carried out by different friction tesing setups. These include broadly of two 
types POP( Pin on Plate) and ROP(Roller on Plate). Generally it is not always easy to distinguish between the 
different methods being differently classified in respect to the wear type. The simplified laboratory POP test  can be 
labeled as adhesive type sliding tribotest if the surface of the abrader counterbody is smooth enough. Other test 
possibility is the roller-on-plate (ROP) configuration, where a rotating shaft is pressed against a rubber plate, 
whereby the normal and friction forces are detected. However, there is no straightforward definition on how to 
differentiate between abrasive-like and ‘‘smooth’’ surfaces, and thus between abrasive and sliding wears. 
Here in our work we would like to observe the effect of both graphite and graphene when incorporated in NBR, a 
workhorse rubber for several industrial applications especially for automotive rubber products and in hydraulic area. 
Since till now only the atomic scale studies has pointed out the low friction attained by CNTs Cumings J.et al 
(2000), Lucas M (2009) and graphene Lee C et al (2010) , Nieto A et al (2012), the real field study should be given 
importance. Considering the limited work devoted to this matter, the nanocomposite study would be a torch light in 
this field. Also as Graphene holds many other advantages so its effect on different properties like mechanical , 
electrical and even on EMI shielding has been investigated over here. The paper highlights a comparative role of 
both graphite and graphene in the tribological properties from a composite perspective along with mechanical and 
electrical properties. 
2 Experimentals 
 
2.1 Materials 
Natural Flake Graphite (<50μm) was purchased from Sigma Aldrich, NBR was obtained from Nalin Rubber , 
Jameshdpur, India, All other reagents were purchased from Merk Company, Germany and was used as such. 
 
2.2Synthesis of Graphene 
 
a.Synthesis of graphite oxides. 
 Graphite was oxidized by modified Hummers (1958) method. In a typical synthesis, 5.0 g of graphite powder is 
taken in a conical flask and 350 ml conc. sulfuric acid is added into it in stirring ice-bath so that the temperature 
must not rise above 100C. 2.5 g sodium nitrate (NaNO3) is then placed into the flask and finally, potassium 
permanganate(KMNO4) is added slowly in a span of 1h. The reaction mixture is stirred vigorously for 2 days at 
room temperature. Hydrogen peroxide (20 ml of 50 wt% aqueous solution) is added toterminate the reaction. The 
resultant mixture is purified by repeated washing with 1200 ml 10 vol % HCl/H2O followed by ultra sonication (140 
W for 20 min). Excess acid is removed by centrifugation and filtration till pH ~6.5 and then dried under vacuum. 
 
b.Synthesis of Graphene (reduced graphene oxides: rGO).  
Hydrazine hydrated reduction was carried out to obtain reduced graphene oxides (rGOs). Stankovich, S. et al (2007).  
In a typical reaction set up, 500 mg graphite oxide (GO) was sonicated in 500 ml water and then hydrazine hydrate 
(5 ml, 160.50 mmol) was added in to it. The whole reaction mass was heated at 1000C for 24 hrs in the round bottom 
flask equipped with water cooled condenser. The progress of reaction was easily gauged from the precipitation of 
reduced graphene oxide (rGO1) as black solid. This black solid product cake was isolated by filterd, washed 
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copiously with water (5 X 200 mL), and dried on the funnel under continuous air flow.  
 
2.3 Preparation of Nanocomposite 
The obtained Graphite and its prepared nanoform Graphene was incorporated in NBR matrix using a two roll mix. 
NBR nanocomposites were prepared by melt mixing in a Brabender at a rotor speed of 60 rpm at 1200C for 10 
minutes. The formulations of the composites were shown in Table 1.NBR was masticated for 30 seconds and 4 wt% 
of filler was added and mixed for 3 minutes, and then zinc oxide and stearic acid were added, and finally accelerator 
and sulfur were added . After mixing the compounds were sheeted out in a two-roll mill. The mixed sheet were 
compression-moulded using a hot press under 0.2 MPa at 150oC. 
 
Table 1: Compound Formulations (unit phr) 
Ingredients NBR NBR-G NBR-nG 
 
Acrylo Nitrile Butadiene Rubber (NBR) 
Graphite (G) 
Graphene (nG) 
ZnO 
Stearic  Acid (SA) 
TBBS 
Sulphur 
 
 
100 
0 
0 
5 
1 
0.8 
2 
 
100 
4 
0 
5 
1 
0.8 
2 
 
100 
0 
4 
5 
1 
0.8 
2 
 
2.4 Characterisation 
Scanning electron microscope (FEG-SEM, JSM7600F) was used to evaluate the morphology of graphite G, an 
intermediate graphite oxide GO, graphene nG and surface of the composites. A thin layer of platinum was coated on 
the samples to avoid electron charging. Fourier transform infrared spectroscopy(Bruker Germany, 3000 Hyperion 
Microscope with vertex 80 FTIR system) was employed to study G, GO, nG, powder were moulded into discs using 
KBr and composites NBR, NBR-G and NBR-nG were characterised using dimond tip in ATR mode The dispersion 
state of the nanofillers was studied by transmission electron microscopy (TEM, CM200).Micro-Raman was 
performed to evaluate the formation of Graphene from Graphite.The tensile mechanical properties of the 
“nanoreinforced” rubbers were determined according to the related standards on UTM, Hardness was measured 
using Durometer(Shore A). Sliding wear tests were run on tribotests, viz. pin(steel)-on-plate(rubber) POP(steel 
cylinder on rubber plate) configuration (Friction and Wear Monitor TR 201). Electrical Conductivity was measured  
without any silver coating through Ferroelectric Tester (Precision Premier II). 
 
3 Results and Discussion 
 
3.1 Study of Graphene Morphology and Composition 
 
Graphite flakes are made up of thousands of graphene layers firmly stacked on each other. Its oxidization results in 
conversion to a hydrophilic layered compound, i.e. graphite oxide. This graphitic oxides are further reduced by 
reducing agents or other techniques like microwave exposure and get change into graphene, the single or few layers 
of graphite. Morphologies of graphite, graphite oxide and graphene are shown in Figure1a, 1b and 1c. Graphite 
flakes with few micrometers lateral size and sub-micron thickness can be observed. On the other hand, an image of 
graphite oxide, shows a large increase in the thickness of graphite flakes during oxidization. (Figure1b).The reduced 
graphite oxide (graphene) is formed by reduction of graphite oxide. The TEM images clearly shows the thinnest 
layer and so it confirms the single or very few layers of graphene has been formed. The IR and Raman show the 
characteristic band which proofs the formation of graphene from graphite after reduction of graphene oxide.    
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Figure1. 1a FEG-SEM of Graphite, 1b FEG-SEM for Graphite Oxide, 1c FEG-SEM for Graphene ; 1d HR-TEM for Graphite, 1e. HR-TEM for 
Graphite Oxide, 1f. HR-TEM for Graphene 
 
      
      
 
Figure 2a FT-IR of Graphite, Grahite Oxide and Graphene; 2b Raman of Graphite, Grahite Oxide and Graphene 
 
3.2 Study of NBR Nanocomposite 
 
Filler as Graphite and Graphene at 4% of matrix was mixed with NBR. To ensure the homogeneous distribution of 
filler in the matrix its surface morphology was examined through SEM-micrograph. The micrograph represents that 
incorporation of filler in rubber matrix was uniformly done by the help of two roll mill. 
The FT-IR and Raman plots clearly highlights the major band of both NBR , Graphene as well as Graphite in their 
respective composites. In FT-IR the important band of NBR at 917cm-1 for 1,2 vinyl olefins, 970 cm-1 for 1,4 trans 
olefin, 2990cm-1 of C-H stretching aliphatic peak and 2236cm-1 of C-N stretching are seen to have slight shift in the 
NBR-Graphene composite which shows that there might be some interaction between the unreduced part of 
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graphene and NBR groups. While in NBR-Graphite almost negligible change has been witnessed in the major  peaks 
of IR. While in Raman due to large fraction of matrix the G and D band by graphene and graphite has been 
superimposed by NBR bands. 
 
 
               
Figure 3 . SEM micrograph of  (a) NBR, (b) NBR-G, (c) NBR-nG 
 
 
 
 
 
Figure 4(A) Comparative FT-IR plot  of NBR, NBR-G, NBR-nG  (B) Raman plot  of NBR, NBR-G, NBR-nG 
 
3.3 Evaluation of hardness and tensile properties of nanocomposites 
 
In order to evaluate the effect of nanofillers on NBR mechanical properties have been evaluated. With the 
incorporation of Graphite and Graphene in the rubber matrix the Shore A value for the hardness of the composites 
are found to increase by 10% compare to the neat NBR. This increase of Shore A value can be attributed to the fine 
dispersion of graphite and graphene layers through the matrix. It is not reasonable to compare the relative 
enhancement in the mechanical property of a composite since reinforcing fillers in a stiff matrix is more difficult 
than in a soft polymer. F Sharif et al, (2012). However there are some reports which say about drop of mechanical 
properties of composites incorporated with graphene at weight 0.5% and above. Rafiee et al in their work on epoxy-
graphene nanoribbon nanocomposites have seen degradation in the performance of graphene for reinforcing epoxy 
after the addition of just 0.3wt% grapheme nanoribbon. Rafiee M. A, (2010). In the same respect we have also find a 
decrease in tensile strength with graphene-NBR nanocomposite. There is still large room for improving mechanical 
and other properties with variation in composition of graphene in NBR matrix which is yet to be studied and so is a 
matter of future investigation in our work.  
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Table 2 Effect of fillers G &nG on hardness and tensile strength of composite 
S.No. Sample and Its Code Hardness (Shore A) Tensile Strength (kg/cm2) 
1 NBR 50 116 
2 NBR-Graphite; NBR-G 55 173 
3 NBR-Graphene; NBR-nG 55 107 
 
 
 
Figure 5: Tensile test graph for NBR (NBR1) , NBR-G (NBR2) and NBR-nG (NBR3) 
 
 
3.4 Electrical Conductivity  
 
The incorporation of graphene in NBR matrix gave an opportunity to develop conducting rubbers which are highly 
required for rubber industry. Owing to this surface Resistivity of the prepared nanocomposites was measured by two 
electrode method through Ferroelectric Tester. As graphene is a well-known electrical conducting material so it 
should influence matrix conductivity. Found in our results are the same trend as expected. Prior to our study, there 
had been no reports on enhancement of DC electrical conductivity of pristine graphene based NBR nanocomposite.  
There is 52% enhancement in the electrical conductivity of NBR when integrated with graphene nanofiller while 
with graphite 50%. Alternatively it supports that graphene are selectively located at the interface of NBR matrix 
rather than randomly distributed in whole system. Jiefeng Gao et al.(2013). The conductivity data also shows that 
there is no such aggregation and clustering even at 4wt% of its loading. 
Classical Percolation theory states a scaling law which explains the enhancement in conductivity by a formula 
written as equation 1 where ø is volume fraction of graphene in the composite,øo is the percolation threshold and t is 
universal critical exponent. Ahmed S. Wajid et al.(2013) 
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                                                                                       (1) 
 
Table 3: Surface resistivity of nanocomposites at frequency 10-1 mHz with maximum voltage 90V at a thickness of 
950μm, with area 0.11cm2 
S.No Sample and its code Resistivity(Ω.cm) Conductivity(S.cm)  
1 NBR 5.47E+10 1.8298E-11  
2 NBR-Graphite,; NBR-G 3.72E+10 2.76E-11  
3 NBR-Graphene; NBR-nG 2.63E+10 3.80228E-11  
     
 
3.5 Coefficient of Friction (COF) and Wear rate  
 
Abrasive Pin on plate (POP) type test was performed to test the abrasive wear behaviour of the NBR 
nanocomposites. The steel plate of 50mm diameter was rotated at different sliding speed on which the NBR samples 
were tested. The effect of load on COF was examined at two different force value i.e. 10N and 20N at a constant 
sliding speed of 100rpm. It was observed that at a lower load COF for graphene filled nanocomposite was found to 
be the lower than graphite filled NBR and neat NBR. This is attributed to the sliding and self lubricating property of 
graphene and graphite layers. While with the increase of load to 20N although COF of NBR-nG was found to be 
lower than NBR but NBR-G showed the best result. On the other hand it should be noted that wear rate for NBR-nG 
was lowest for both the cases. Thus according to the need of the system and specification graphene can be fully 
utilised for lowering the friction of rubber matrix. 
 
Table 4: Coefficient of friction (COF) and Wear rate on Different load applied at a definite sliding speed (100rpm)  
S.No. Sample and its code Force(N) COF Wear Rate 
1 NBR 10 0.457 0.018733 
2 NBR-Graphite; NBR-G 10 0.422 0.002345 
3 NBR-Graphene; NBR-nG 10 0.373 0.004646 
4 NBR 20 0.868 0.013285 
5 NBR-Graphite; NBR-G 20 0.455 0.148490 
6 NBR-Graphene; NBR-nG 20 0.681 0.005548 
 
 
To see the effect of sliding speed on COF and wear rate a set of experiments with different sliding speed keeping the 
load (10N) constant was performed. It was observed that with the increase of RPM ie sliding speed there was no 
such significant change in the COF of the nanocomposites. But definitely the wear rate varied with different rpm. 
While performing experiments it was observed that at higher sliding speed (500rpm) in case of neat NBR and NBR-
G there was a greater abrasion and heating of the system which sometimes resulted in discontinuous movement of 
rim. While for NBR-nG no such heating and abrasion was witnessed. Also the wear rate obtained was least along 
with the COF for NBR-Graphene nanocomposites. 
 
Interestingly the Graphene based NBR nanocomposite proves to be more wear resistant than that of Graphite and 
Neat NBR. The decrease in COF of NBR-nG compared to NBR-G is the matter of through study since graphene is 
considered as single or few layers of graphite. Graphite is widely applied as solid lubricant due to its 
incommensurability between rotated graphite layer and due to honeycomb structure of each layer. Diana Berman et 
al (2013) and Manuel Belmonte et al, (2013) in their respective work on nanocomposites incorporated with 
graphene have shown efficient role and beneficial effect of graphene on the tribological properties of ceramics and 
composites. Since these studies are mainly done on atomic level so in the real state problem it’s quite obvious to 
have differences which is addressed and so it is visualized as the source of study in future work. Along with this the 
real cause for difference in tribological property of graphene vs graphite should be quantized through different 
modeling and simulation studies.  
 
146   Neha Agrawal et al. /  Procedia Materials Science  10 ( 2015 )  139 – 148 
 
 
           
Figure 6: Variation of COF with sliding time(sec) at 10N load with 100rpm of (a) NBR (b) NBR-Graphite and (c) NBR-Graphene and  Variation 
of COF with sliding time at 20N load with 100rpm of (d) NBR (e) NBR-Graphite and (f) NBR-Graphene 
 
 
Table 5: Coefficient of friction (COF) and Wear rate on different sliding speed with a definite load(1kg i.e 10N) 
S.No. Sample and its code Sliding Speed(rpm) COF Wear Rate  
1 NBR 100 0.457 0.018733  
2 NBR-Graphite; NBR-G 100 0.422 0.002345  
3 NBR-Graphene; NBR-nG 100 0.373 0.004646  
4 NBR 300 0.431 0.058290  
5 NBR-Graphite,; NBR-G 300 0.426 0.000166  
6 NBR-Graphene; NBR-nG 300 0.374 0.006170  
7 NBR 500 0.461 0.040309  
8 NBR-Graphite,; NBR-G 500 0.456 0.002549  
9 NBR-Graphene; NBR-nG 500 0.437 0.006133  
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Figure 7: COF variation with sliding time for NBR at different sliding speed (100, 300, 500 rpm) at 10N load 
 
 
 
 
Figure 8: COF variation with sliding time for NBR-Graphite at different sliding speed (100, 300, 500 rpm) at 10N load 
 
 
 
 
Figure 9: COF variation with sliding time for NBR-graphene at different sliding speed (100, 300, 500 rpm) at 10N load 
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4. Conclusions 
 
We believe this work paves the way for production of rubbers and composites with multifunctional characteristics. 
The application of new nanomaterials like graphene in the real field application definitely enhances the importance 
of nanotechnology from lab to field level. Nanocomposite made of graphite and graphene layers posses 
multifunctional properties from enhancement in tribological characteristics to creating electrically conductive and 
EMI shielded rubber products. Such enhancement in properties will definitely widen way for different application.  
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